Vitamin B12 (cobalamin \[Cbl\]) is an essential nutrient involved in one-carbon metabolism and cell division. Daily intake of 2 to 5 μg, together with efficient absorption, transportation, and transformation, are needed to maintain health ([@CIT0001]). In clinical practice, measurement of total plasma Cbl is requested widely for the biochemical assessment of Cbl deficiency ([@CIT0002]). Three studies have shown that a substantial proportion of patients for whom Cbl measurement is requested have plasma Cbl levels greater than the upper limit of the reference range ([@CIT0003]), and two of these studies have shown an association between high Cbl levels and cancer ([@CIT0003],[@CIT0005]).

The association between elevated plasma Cbl levels and cancer risk is poorly understood. On one hand, a high prevalence of elevated Cbl levels has been reported in patients with liver cancer ([@CIT0006],[@CIT0007]), other solid tumors ([@CIT0008],[@CIT0009]), and hematological malignancies ([@CIT0010],[@CIT0011]). On the other hand, some studies have indicated a high prevalence of cancer, both hematological and solid tumors, among patients with high Cbl levels ([@CIT0003],[@CIT0005]). However, the latter studies are limited by their cross-sectional design, and only one study included a comparison group of patients with normal and low plasma Cbl levels ([@CIT0003]). Most studies on normal or low Cbl levels in relation to cancer have been negative ([@CIT0012]), except for some studies showing associations between increasing Cbl levels and lung and prostate cancer ([@CIT0017],[@CIT0018]).

Elevated plasma Cbl levels have also been associated with several nonmalignant diseases, including liver diseases, alcoholism, and renal, autoimmune, and infectious diseases ([@CIT0019]). Only a few patients with these diseases have high Cbl levels ([@CIT0019]). Moreover, these diseases have been reported in a small proportion of patients with high Cbl levels ([@CIT0003]).

To assess the possible clinical implications of elevated Cbl levels in diagnosing cancer, we conducted a population-based cohort study, examining the incidence of cancer diagnoses among patients with elevated plasma Cbl levels.

Methods {#s1}
=======

Design, Study Cohort, and Data Sources {#s2}
--------------------------------------

We conducted this population-based cohort study using data from medical registries in Northern Denmark over the period from 1998 to 2010. Data were obtained from the Clinical Laboratory Information System Research Database (LABKA) ([@CIT0020]), the Aarhus University Prescription Database (AUPD) ([@CIT0021]), the Danish Cancer Registry (DCR) ([@CIT0022]), and the Danish National Registry of Patients (DNRP) ([@CIT0023]). The Danish Civil Registration System, established in 1968, assigns a civil registration number to all residents, allowing for unequivocal individual-level data linkage among all Danish registries ([@CIT0024]).

The LABKA database ([@CIT0020]) contains all test results from routine tests performed in hospital laboratories in Northern Denmark, which has a total population of 2.2 million inhabitants. Results of more than 1700 different types of analyses are included in the database. For each analysis, the database stores the test result (or indicates that it is missing), civil registration number, date, and the international Nomenclature, Properties and Units code. For some analyses, a local analysis code is recorded. We identified all patients in the LABKA database with a plasma Cbl measurement of greater than 200 pmol/L \[lower reference limit in Northern Denmark = 271 pg/mL ([@CIT0027])\] recorded from 1998 through 2009. If a patient had more than one Cbl test result, only the first test was included in our analysis. (See [Supplementary Table 1](http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djt315/-/DC1), available online, for all codes used in this study.)

The AUPD ([@CIT0021]) collects data on all prescriptions reimbursed to patients in the study area. Most prescription medications in Denmark are eligible for full or partial tax-paid reimbursement. Only over-the-counter drugs and a few prescription medications, such as oral contraceptives and sedatives, are normally not eligible for reimbursement, although reimbursement can be granted on a case-by-case basis. All records in the AUPD include the date of dispensing, the patient's civil registration number, codes for the prescribing physician/clinic/hospital department, the Anatomical Therapeutic Chemical code, and the medication name, pack size, dose units, and manufacturer. Patients were classified as having received Cbl therapy if they had one or more relevant prescriptions recorded in the AUPD up to 2 years before measurement of their plasma Cbl level. These patients were excluded from the analysis. In Denmark, Cbl therapy in pharmacological doses is available only by prescription.

The DCR ([@CIT0022]) includes all cancer diagnoses at the individual level in Denmark since 1943, coded according to the *International Classification of Diseases*, *10th revision* (ICD-10). The DCR was used to identify subsequent diagnoses of cancer from 1998 to 2010 among patients with a Cbl test result in the LABKA database. Patients were excluded if they had a cancer diagnosis before the date of the plasma Cbl measurement.

The DNRP ([@CIT0023]), established in 1977, contains information on all inpatient hospitalizations and, since 1995, all hospital outpatient clinic visits. The DNRP includes the patient's civil registration number, hospital admission and discharge date, date of hospital outpatient visit, and up to 20 diagnoses coded by physicians, including a primary diagnosis representing the main reason for the inpatient or outpatient hospital contact. All diagnoses are coded according to the *International Classification of Diseases*, *8th revision* during the period from 1977 to 1993 and ICD-10 since 1994. To assess possible confounding from underlying diseases, we obtained data on all diagnoses before Cbl measurement from the DNRP and grouped them according to ICD-10 codes. Patients were classified as inpatients or outpatients if they were admitted and/or had a hospital outpatient clinic visit up to 30 days before or 7 days after Cbl measurement. If no hospital contact was recorded during the defined period, patients were classified as outpatients.

Statistical Analyses {#s3}
--------------------

We calculated the expected number of cancers, based on national incidence rates by age, sex, and year of diagnosis in 1-year intervals ([@CIT0025]). The number of cancers to be expected if the patients had the same risk as the general population was calculated by multiplying person-years of follow-up by the population-based cancer incidence rates. The risk of cancer in the study cohort was calculated as the standardized incidence ratio (SIR; ie, the ratio of observed cancers to expected cancers). The 95% confidence intervals (CIs) for the SIR estimates were calculated assuming a Poisson distribution of the observed number of specific cancers in the follow-up period. Byar's approximation was used unless the observed number was less than 10, in which case, exact 95% confidence intervals were calculated ([@CIT0026]). All statistical tests were two-sided.

In the analyses, we first excluded patients receiving Cbl therapy. A priori, we grouped incident cancers through 2010 into four different categories: smoking and alcohol-related cancers, hematological cancers, immune-related cancers, and hormone-related cancers (see [Table 1](#T1){ref-type="table"}). We also obtained results for specific cancers. We divided patients into three groups according to plasma Cbl level: 200 to 600 pmol/L (regional reference interval ([@CIT0027]) = 271--813 pg/mL); 601 to 800 pmol/L (regional reference interval = 814--1084 pg/mL), and greater than 800 pmol/L (regional reference level = \>1084 pg/mL). Patients were also stratified according to age (0--50 years, ≥51 years), sex, length of follow-up (≤1, \>1 year, and \>5 years), and receipt of inpatient or outpatient care. Standardized incidence ratios were assessed in 100 to 200 pmol/L Cbl level intervals to examine a possible Cbl cutoff level for high cancer risk. Because high plasma Cbl levels also have been associated with other conditions ([@CIT0019]), we assessed cancer risk in relation to selected morbidities, categorized according to ICD-10 codes (see [Supplementary Table 1](http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djt315/-/DC1), available online).

###### 

Cancer groups

  Smoking and alcohol-related cancers   Hematological cancers         Immune-related cancers                                                     (Sex) hormone-related cancers
  ------------------------------------- ----------------------------- -------------------------------------------------------------------------- -------------------------------
  Lip                                   Non-Hodgkin lymphoma          Cervix uteri                                                               Breast
  Mouth                                 Hodgkin lymphoma              Malignant melanoma                                                         Corpus uteri
  Oro- and nasopharynx                  Multiple myeloma              Nonmelanoma skin cancer including basal cell and squamous cell carcinoma   Ovary
  Larynx                                Leukemia                      Anus                                                                       Prostate
  Lung                                  Unspecified cancer of lymph   Penis                                                                      Testes
  Esophagus                             Unspecified cancer of blood                                                                              
  Pancreas                                                                                                                                       
  Liver                                                                                                                                          
  Colon and rectum                                                                                                                               
  Kidney                                                                                                                                         
  Urinary bladder                                                                                                                                

All statistical analyses were performed using SAS version 9.2 (SAS Institute Inc, Cary, NC). The study was approved by the Danish Data Protection Agency (record number: 2009-41-3866).

Results {#s4}
=======

Study Cohort {#s5}
------------

We identified 352831 persons without prevalent cancer who had plasma Cbl levels ≥200 pmol/L, of which 19164 patients were receiving Cbl therapy at the time of plasma Cbl measurement and were therefore excluded. Of the patients included in the study, 19,665 (6%) had levels greater than the upper reference limit (≥601 pmol/L). The total number of person-years of follow-up was 1421512 and median follow-up time was 3.5 years (interquartile range \[IQR\]= 1.9--6.2 years). The median age was 55.1 years (IQR = 40.2--69.2 years). The distribution of outpatients and inpatients was 276 229 (83%) and 57 438 (17%), respectively. A total of 22 652 (7%) patients in the study cohort subsequently developed cancer during the period from 1998 to 2010.

Cancer Risks {#s6}
------------

The overall standardized incidence ratio was 1.26 (95% CI = 1.24 to 1.28; *P* \< .001) ([Table 2](#T2){ref-type="table"}). The overall cancer risk increased with higher Cbl levels and with a peak during the first year of follow-up (Cbl 601--800 pmol/L: SIR = 3.44, 95% CI = 3.14 to 3.76, *P* \< 0.001; Cbl \>800 pmol/L: SIR = 6.27, 95% CI = 5.70 to 6.88, *P* \< 0.001). Overall Cbl-associated cancer risk decreased with increasing age. The risk was higher for men than for women. For all cancer groups, the first year risk increased with higher Cbl levels, most substantially for Cbl levels greater than 800 pmol/L. After the first year, the risk remained elevated for patients with Cbl levels greater than 800 pmol/L for smoking and alcohol-related cancers and for hematological cancers. The standardized incidence ratios also remained elevated after the first year in patients with Cbl levels in the 601 to 800 pmol/L range for smoking- and alcohol-related cancers ([Table 2](#T2){ref-type="table"}). For hematological cancers and smoking- and alcohol-related cancers, the standardized incidence ratios remained elevated for more than 5 years of follow-up, although for hematological cancers, this was the case only for patients with Cbl levels greater than 800 pmol/L ([Supplementary Table 2](http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djt315/-/DC1), available online). The numbers and percentages of patients diagnosed with cancer according to plasma Cbl levels and length of follow-up are shown in [Table 3](#T3){ref-type="table"} and are as follows: overall: 200 to 600 pmol/L: 6.7%, 601 to 800 pmol/L: 7.8%, and greater than 800 pmol/L: 11.0%; first year: 200 to 600 pmol/L: 2.3%, 601 to 800 pmol/L: 3.7%, and greater than 800 pmol/L: 6.6%; after the first year: 200 to 600 pmol/L: 4.4%, 601 to 800 pmol/L: 4.1%, and greater than 800 pmol/L: 4.4%.

###### 

Cancer risk diagnosed after a plasma cobalamin (Cbl) measurement according to sex, follow-up interval, age, cancer group, and plasma Cbl levels\*

  Characteristic                 **Persons, No.**   **Incident cancers, No.**   **Overall SIR (95% CI)**   **Plasma Cbl levels, SIR (95% CI)**                          
  ------------------------------ ------------------ --------------------------- -------------------------- ------------------------------------- ---------------------- ------------------------
  All Cancers                    333667             22652                       1.26 (1.24 to 1.28)        1.23 (1.21 to 1.24)                   1.61 (1.51 to 1.71)    2.38 (2.22 to 2.56)
   ≤1 year SIR                                      8103                        2.17 (2.13 to 2.22)        2.04 (1.99 to 2.09)                   3.44 (3.14 to 3.76)    6.27 (5.70 to 6.88)
   \>1 year SIR                                     14549                       1.02 (1.00 to 1.04)        1.01 (1.00 to 1.03)                   1.09 (1.00 to 1.18)    1.24 (1.10 to 1.39)
  Men                            135485             10815                       1.36 (1.34 to 1.39)        1.32 (1.29 to 1.35)                   1.93 (1.75 to 2.12)    2.94 (2.64 to 3.27)
  Women                          198182             11837                       1.18 (1.16 to 1.20)        1.15 (1.13 to 1.17)                   1.43 (1.31 to 1.55)    2.05 (1.86 to 2.27)
  Age                                                                                                                                                                   
   0--50 years                   142000             2411                        1.29 (1.24 to 1.34)        1.26 (1.20 to 1.31)                   1.63 (1.32 to 2.00)    2.99 (2.36 to 3.72)
    ≤1 year SIR                                     752                         2.26 (2.10 to 2.43)        2.14 (1.98 to 2.30)                   3.23 (2.24 to 4.52)    9.04 (6.46 to 12.31)
    \>1 year SIR                                    1659                        1.08 (1.03 to 1.14)        1.07 (1.01 to 1.12)                   1.28 (0.97 to 1.64)    1.77 (1.26 to 2.42)
   ≥51 years                     191667             20241                       1.26 (1.24 to 1.27)        1.22 (1.21 to 1.24)                   1.61 (1.50 to 1.71)    2.33 (2.15 to 2.51)
    ≤1 year SIR                                     7351                        2.17 (2.12 to 2.22)        2.03 (1.98 to 2.08)                   3.46 (3.14 to 3.79)    6.09 (5.51 to 6.71)
    \>1 year SIR                                    12 890                      1.01 (1.00 to 1.03)        1.01 (0.99 to 1.03)                   1.07 (0.97 to 1.17)    1.19 (1.05 to 1.34)
  Cancer groups                                                                                                                                                         
  Smoking- and alcohol-related                      9501                        1.46 (1.43 to 1.49)        1.40 (1.37 to 1.43)                   2.13 (1.95 to 2.33)    3.05 (2.74 to 3.39)
    ≤1 year SIR                                     3799                        2.75 (2.67 to 2.84)        2.56 (2.47 to 2.65)                   4.89 (4.30 to 5.54)    8.37 (7.31 to 9.55)
    \>1 year SIR                                    5702                        1.11 (1.08 to 1.14)        1.09 (1.07 to 1.12)                   1.33 (1.17 to 1.52)    1.44 (1.20 to 1.71)
  Hematological                                     1748                        1.85 (1.76 to 1.94)        1.72 (1.63 to 1.81)                   2.27 (1.79 to 2.85)    7.96 (6.66 to 9.44)
    ≤1 year SIR                                     912                         4.52 (4.23 to 4.82)        4.03 (3.75 to 4.32)                   6.82 (5.08 to 8.97)    24.14 (19.51 to 29.54)
    \>1 year SIR                                    836                         1.12 (1.05 to 1.20)        1.10 (1.02 to 1.18)                   0.94 (0.60 to 1.40)    2.99 (2.12 to 4.11)
  Immune-related                                    3565                        0.93 (0.90 to 0.96)        0.92 (0.89 to 0.95)                   1.17 (1.00 to 1.37)    0.97 (0.74 to 1.23)
    ≤1 year SIR                                     834                         1.08 (1.01 to 1.16)        1.04 (0.97 to 1.12)                   1.89 (1.42 to .2.46)   1.37 (0.84 to 2.12)
    \>1 year SIR                                    2731                        0.89 (0.85 to 0.92)        0.88 (0.85 to 0.92)                   0.97 (0.80 to 1.18)    0.85 (0.62 to 1.14)
  Hormone-related                                   5116                        1.10 (1.07 to 1.13)        1.10 (1.06 to 1.13)                   1.12 (0.96 to 1.29)    1.19 (0.96 to 1.45)
    ≤1 year SIR                                     1555                        1.62 (1.54 to 1.70)        1.59 (1.51 to 1.67)                   1.96 (1.53 to 2.47)    2.61 (1.92 to 3.47)
    \>1 year SIR                                    3561                        0.96 (0.93 to 0.99)        0.97 (0.94 to 1.00)                   0.88 (0.72 to 1.05)    0.78 (0.57 to 1.03)

\* All statistical tests were two-sided. SIR = standardized incidence ratio; CI = confidence interval.

###### 

Percentages and numbers of patients diagnosed with cancer during the study period disaggregated according to plasma cobalamin levels\*

  Group               **Plasma Cbl levels**                
  ------------------- ----------------------- ------------ ------------
  Overall, % (No.)    6.7 (20899)             7.8 (1013)   11.0 (740)
  ≤1 year, % (No.)    2.3 (7180)              3.7 (480)    6.6 (443)
  \>1 year, % (No.)   4.4 (13719)             4.1 (533)    4.4 (297)

\* Percentages are the fraction of patients diagnosed with cancer in each cobalamin (Cbl) level group, presented as overall percentages and according to follow-up interval.

[Figure 1](#F1){ref-type="fig"} presents the first year standardized incidence ratios in detailed Cbl-level intervals. The figure indicates that only risks of smoking- and alcohol-related cancers and hematological cancers substantially increased with higher Cbl levels. Also, it shows that a specific Cbl level cutoff for high cancer risk could not be established. The standardized incidence ratios were elevated fourfold to 37-fold for hematological cancers, twofold to 10-fold for smoking- and alcohol-related cancers, and twofold to threefold for hormone-related cancers; they were not elevated for immune-related cancers.

![One-year risk of cancer in groups according to plasma cobalamin (Cbl) levels in 100 to 200 pmol/L intervals. The figure shows the 1-year standardized incidence ratios (SIRs) with corresponding 95% confidence intervals (CIs; **vertical bars**) disaggregated according to Cbl levels for hematological cancers (**solid line**), smoking- and alcohol-related cancers (**dashed line**), immune-related cancers (**dotted/dashed line**), and hormone-related cancers (**dotted line**). Note the logarithmic scale for standardized incidence ratio on the y-axis. The **horizontal gray line** indicates a standardized incidence ratio of 1. All statistical tests were two-sided.](jnci.j_djt315_f0001){#F1}

Patient and Cancer Subtypes {#s7}
---------------------------

The standardized incidence ratios for inpatients and outpatients showed similar associations, both overall and by cancer group. The highest risks again were found for smoking- and alcohol-related cancers and for hematological cancers. The estimates were highest for inpatients in all cancer groups, although cancer risk was elevated also for outpatients with high Cbl levels (data not shown).

When we examined the association between high Cbl levels and specific cancer types within the first year of follow-up ([Figure 2](#F2){ref-type="fig"}) (SIRs and 95% CIs for Cbl levels \>800 pmol/L), we found associations with gastric (SIR = 13.24; 95% CI = 7.23 to 22.21; *P* \< .001), colorectal (SIR = 5.48; 95% CI = 4.01 to 7.31; *P* \< .001), liver (SIR = 40.70; 95% CI = 25.50 to 61.62; *P* \< .001), pancreatic (SIR = 15.57; 95% CI = 10.34 to 22.50; *P* \< .001), lung (SIR = 9.27; 95% CI = 7.24 to 11.69; *P* \< .001), renal (SIR = 9.56; 95% CI = 4.58 to 17.58; *P* \< .001), urinary bladder (SIR = 5.34; 95% CI = 3.11 to 8.55; *P* \< .001), lymphatic leukemia (SIR = 8.88; 95% CI = 3.56 to 18.29; *P* \< .001), myeloid malignancies (SIR = 105.73; 95% CI = 81.24 to 135.28; *P* \< .001), non-Hodgkin lymphoma (SIR = 6.64; 95% CI = 3.31 to 11.89; *P* \< .001), and multiple myeloma (SIR = 16.08; 95% CI = 7.70 to 29.58; *P* \< .001). The associations increased with higher Cbl levels and were greatest among patients with the highest Cbl levels (\>800 pmol/L). The cancer risk remained elevated after the first year of follow-up for liver, pancreatic, lung cancer, and myeloid malignancies, with highest standardized incidence ratios observed for patients with Cbl levels greater than 800 pmol/L ([Supplementary Table 3](http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djt315/-/DC1), available online).

![Risk of specific cancer types within the first year after plasma cobalamin (Cbl) measurement. The figure shows the 1-year standardized incidence ratios (SIRs) with corresponding 95% confidence intervals (CIs) disaggregated according to Cbl levels: x: 200 to 600 pmol/L; o: 601 to 800 pmol/L; and □: greater than 800 pmol/L. The **vertical gray line** indicates standardized incidence ratio of 1. All statistical tests were two-sided.](jnci.j_djt315_f0002){#F2}

The associations between cancer risk and high Cbl levels remained robust in patients with selected morbidities, with no differences among specific morbidities (data not shown).

Discussion {#s8}
==========

Our study shows that elevated plasma Cbl levels are markers for various types of cancers, most notably hematological cancers within the first year after Cbl measurement. These findings remained robust in the stratified analyses.

Our results extend those of earlier research ([@CIT0003],[@CIT0005]) by showing a strong association between elevated Cbl levels and cancer in a large study with a longitudinal design. Earlier studies have examined Cbl levels in patients with selected cancers. The majority of these previous studies have been negative ([@CIT0012]), except for lung and prostate cancer ([@CIT0017],[@CIT0018]). We focused on high Cbl levels and thereby avoided the limitations of these earlier studies. Our study was based on a large cohort of patients referred for plasma Cbl measurement rather than patients with a particular type of cancer or persons from the general population. Second, unlike the earlier studies, we assessed risk among patients with Cbl levels above a given reference range. Because we specifically focused on high Cbl levels, we were able to demonstrate associations with cancer, including types not previously associated with high Cbl levels, such as cancers of the pancreas and urinary bladder and multiple myeloma.

Our study also was able to examine clinical routine practice. We showed that approximately 15% of the population in Northern Denmark has had a plasma Cbl measurement during the study period and that these measurements show Cbl levels within or above the reference range. This suggests that plasma Cbl measurements are used routinely and frequently to screen for Cbl deficiency in the presence of symptoms or other risks. Although our study cannot directly assess use of high Cbl levels as a nonspecific marker of cancer, our findings may be relevant to the clinical interpretation of such high levels.

A number of different diseases have been suggested as causing high Cbl levels ([@CIT0019]), but common to most of them is that the pathogenesis involving elevated Cbl levels is not fully understood. In principle, some of these diseases might be responsible for the long-term associations observed in our study, thereby possibly confounding the associations between high Cbl levels and cancer. For example, the association between liver cancer and high Cbl levels could, in theory, be caused by nonmalignant liver disease underlying the liver cancer. However, when we stratified the analyses according to prior diseases, the results remained robust. This indicates that high Cbl levels could be a marker for cancer both in the short- and long-term, exceeding 5 years for hematological cancers ([Supplementary Table 2](http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djt315/-/DC1), available online). Such persistent long-term associations are more likely to be affected by unrecorded confounders, such as lifestyle factors. Although smoking is not associated with disruptions in Cbl status ([@CIT0028]), alcoholism and alcohol-related liver disease have previously been linked to high Cbl levels ([@CIT0003],[@CIT0029]). This could influence the long-term risk that we observed for some cancers, such as liver cancer, whereas the long-term association with hematological cancers is more peculiar.

Despite its large size and the use of registries to ensure complete follow-up, several possible limitations of our study require consideration. Misclassification of diagnosis is one concern. However, Danish medical registries have proven to be of high validity and completeness ([@CIT0020],[@CIT0030]), and any potential misclassification of information is likely to be minor and nondifferential (ie, not associated with Cbl levels). Another concern is that we could not directly assess the clinical criteria for measuring plasma Cbl levels because we did not have access to medical files and there are currently no specific guidelines for requesting plasma Cbl measurement. Mainly speculative, unspecific symptoms (eg, anemia, fatigue, weight loss) could be the reason for requesting plasma Cbl measurement, and the same symptoms may also be related to the suspicion of cancer. This may explain why we found elevated standardized incidence ratios also for patients within normal Cbl levels. However, we find it unlikely that the finding of elevated Cbl levels in itself led to increased surveillance for cancer, although this statement cannot be further assessed. Hence, we find it reasonable to believe that the risk of confounding by indication is minimal. Finally, we did not include concurrent blood test results on other biochemical parameters. Other abnormal test results could influence the probability of a subsequent cancer diagnosis. This may explain the decrease in cancer risk after the first year that we found for immune-related and hormone-related cancers, a compensatory deficit. Finally, we chose to classify cancers a priori to analysis according to type (hematological), life-style factors (smoking- and alcohol-related), and two groups based on potential pathogenesis (hormone related and immune related). To circumvent that some specific cancer types could fall in to more than one of the predefined groups, we also analyzed risk estimates for all specific cancers to obtain more detailed information within the predefined groups.

The underlying pathogenesis leading to high Cbl levels is poorly elucidated, with a few exceptions ([@CIT0006],[@CIT0010],[@CIT0011]). It is not thought to involve increased Cbl intake because intestinal absorption capacity is saturable ([@CIT0031]) and high physiological consumption does not increase plasma Cbl levels substantially. Only Cbl therapy in the form of injections or extremely high oral doses can produce high circulating levels, and in this study, patients treated with Cbl were excluded. We therefore conclude that the mechanisms resulting in high Cbl levels may be related to malignant pathogenesis. Our recent study showed that levels of the circulating Cbl binding protein haptocorrin were high in patients with high plasma Cbl levels ([@CIT0003]). Moreover, cancer was associated with high Cbl and high haptocorrin levels. This protein originates from a variety of tissues, but its physiological function remains unknown ([@CIT0032]). It is elevated in patients with some cancer types ([@CIT0006],[@CIT0010],[@CIT0011]) and has been suggested as a marker for disease progression ([@CIT0006],[@CIT0010]). Thus, haptocorrin may be a candidate factor to include in future studies of the possible pathogenic mechanisms leading to high Cbl levels in cancer patients, in particular for the novel associations demonstrated in this study.

In conclusion, our study showed that high plasma Cbl levels increased the risk of subsequently diagnosed cancer, mostly within the first year of follow-up. However, this association was not present for all cancer types. Although our results may have clinical implications for interpreting high Cbl levels, further studies are warranted to examine the possible diagnostic value of high plasma Cbl levels.
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